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ABSTRACT

The U. S. Naval Civil Engineering Laboratory is studying the design of
various entranceways for protective structures. The particular portion of
the work reported herein is con erned with air ducts in concrete. One of tl
essential parameters for the design optimization of such duct: is the neutr:
energy spectra as a function of position in the duct. From this parameter r
be determined the type and quantity of shielding materials necessary to ach’
a specified protection factor.

.. .In order to achieve a uniform system of neutron dosimetry, it was deci
to use the activation of bare and cadmium covered foils, foil sandwiches, ai
threshold foil detectors to measure flux spectra. This application represei

+ one of the first times that foils were used to experimentally determine dif:
"~ ferential flux over the energy range from 0.001 ev to 15 Mev. It is beliewt
-to be the first application to protective structure shielding experiments.

Preliminary to the experimental determination of neutron spectra by fo
activation, it is essential that the responses of the selected foils be mea:
in a medium of known moderating and scattering properties. A hydrogenous m
such as paraffin, meets this requirement and is experimentally simple. A s«
of nominally li-Mev neutrons was directed at successively increasing thickn:
of paraffin made from l-inch slabs 12x24 inches. Selected foils were place
the opposite side of the paraffin and their response to the neutron irradia
determined. From this study technclogy is developed by which the observed
ponse of folls Irradiated in complex shields may be related to neutron ener
flux. The report of this technology will be made at the time neutron erarg
spectra for air ducts in concrete is reported. Herein is the report of the
preliminary experiment where a study was made of neutrons streaming through
hydrogenous media. The normalized activation responses of selected foils a
given as a function of paraffin thickness.
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Also described is the sequence of computer programs which process and
analyze the radiometric data of such foils. These programs were specifically
designed to handle the foil data associated with the experimental determination
of neutron streaming through ducts; however, they are suitable for handling
other radiometric analysis problems. By their use, radiometric analysis data
may be rapidly processed with reasonable assurance of freedom from numerical
error. Maximum utility of these programs is obtained when using automatic
counting that punches data directly on cards usable as the computer input.

This work was sponsored by the Defense Atomic Support Agency.

Qualified requesters may obtain copies of this report from DDC.
Release to the Clearinghouse is Authorized.




INTRODUCT ION

The application of foil activation for neutron flux measurement in
the energy range above | Mev and below 0.5 ev has been described by Hughes.
Above 1 Mev threshold reactions are used and below 0.5 ev bare and cadmium
responses are used. From the many foil techniques available for the measure-
ment of neutrons with energy between 0.5 ev and 1 Mev, the application of fgig
sandwiches was selected. This application has been described by the agthor ’
after a method of Stehn and the Staff of Argonne National Laboratory.

~ The techniques for calculating neutron energy spectga from the activation
response of several foils has been previously discussed.” Essential to such
calculations is a knowledge of the various responses in a medium of known
moderating and scattering properties. For this purpose a neutron generator
employing the d,t reaction with an acceleration of 150 kev was used as a sourc:
of nominally l4-Mev neutrons. This source was directed at a praffin moderator
so that the beam of deuterons was perpendicular to the exterior surface of the
moderator. The response of selected foils was observed as a function of
paraffin thickness in such a manner that no reflection was present. Each ir-
radiation was normalized, maximizing the deuteron beam current by adjusting
the focus, extraction, and accelerating voltage, and observing the counting
rate ofaslightly moderated BF3 detector used as a flux monitor. The high
voltage was adjusted last and”’assured that the incident neutron energy re-
mained constant throughout the experiment. This is possible since the d,t
reaction peaks at approximately 150 kev acceleration at_which value the
ejected neutrons have a most probable energy of 14 Mev.

The activity of each foil was observed with an internal gas flow pro-
portional detector with a "micromil' window and using ''P'' gas (90 percent
argon, 10 percent methane). The detector was incorporated into an auto-
matic counting system that directly punched cards. Data was identified by
separate problem, sample, counting system, counting geometry, and observa-
tion numbers. All foils of the same type were of the same size and approximat
mass and were irradiated for the same time. Data was corrected for detector
resolution loss and decay after irradiation. Data was normalized in such a
manner that knowledge of the distance from foil to the tritium target,
counting efficiency, foil cross section, and irradiation time was not part
of the analysis. ‘

EXPER IMENT

The experiment consisted of irradiating certain selected foils, listed
in Table 1, with neutrons. Various thicknesses of paraffin were placed be-
tween the neutron source and the foils so as to moderate their initial nominal
14-Mev energy and to cause the neutrons to take on differing energy distributi
Ho paraffin was placed behind the foils so as to minimize response to neutron
backscatter. For each specific foil material the same foil dimensions were
used throughout the series of experiments; however, variations occurred betwee




different foil materials. The neutrons were produced by accelerating deuterium
to approximately 150 kev before impinging on a tritium target. The accelerator
operating conditions were optimized throughout the experiment by adjusting beam
focus, extraction and acceleration voltage so as to maximize the beam current.
It should be noted that the d(t,n) cross section is near its maximum value at
150 kev energy. At this energy of bombardment, the neutrons have a most probable
energy of about 14 Mev. All foils for threshold detectors were irradiated 30
minutes. The aluminum-manganese foil sandwiches were irradiated for 10 minutes
followed by a 10-minute period for manipulation and counting. This in turn

was followed by a 15-minute irradiation for all copper foil sandwiches. The
bare and cadmium covered indium foll combinations were irradiated at the same
time; they were placed for irradiation to begin with the 10-minute irradiation
of the aluminum-manganese sandwich and were removed after the 15-minute copper
sandwich irradiation. Since the irradiation time of each specific foil was

the same, no corrections were made for activity buildup during irradiation.

A slightly moderated BF3 detector was placed in a fixed position near the
generator. The count of "this detector integrated over the irradiation period
was used as a relative measure of neutron flux which in turn was used to

normal ize all observed foil activities. No corrections were made for very
slight differences in mass between different foils of the same material or

for counter efficiency. However, inverse square corrections were made for

the varying distance between the foils and the tritium target. All observed
foil activities wcre corrected for decay between the erd of irradiation

and the time of observation. Particular attention was directed toward preci-
sion. Care was taken to insure the purity and cleanliness of foils.

Foil activities were observed with an internal gas flow proportional
detector having a micromil window. This detector was placed in an automatic
sample changer. The counting gas was 96 percent argon and 10 percent methane,
and counts were observed at the center of the beta plateau. A RaDEF scurce
electro deposited on a platinum disk supplied by the National Bureau of
Standards was used as a long lived standard to assist in obtaining uniform
counter response during the period of the experiments. The output of the
counter was the input to a data converter which punched on IBM cards the
counting data. Other information necessary to the experiments and analysis
of data was manually punched on these and other cards. A complete description
of the data format on these cards and the information that they require will
be found in cthe following section: Data Reduction. All counting data was
analyzed by the methods described therein, which included statisvical analysis

of variance.

DATA REDUCT ION

Data experimentally obtained from automatic counting systems during
experiments that measure neutron streaming through ducts may best be reduced
by computer techniques. Computer programs are also suitable far handling
other types of radiometric analysis. The processing of data by a digital
computer insures accurate reduction and rapid handling, thus affording im-
mediate review between experiments. The programs about to be presented were




used to reduce the data from the experiment just discussed. However, to
illustrate the broader applications of these programs, numerical examples
are included from reduction of other counting data.

All output data from these programs may be used as data with which to
calculate neutron flux. The calculationssof this program are performed
basically as has already been delineated.”~ Only departures from previous
work and new information is presented herein. The programs described are:
pre- and post-data compiler, PDC I, Il|; three data organizations, DATORG I,
It, 111; resolution, RESOL; two decisions, DCISON I, Il; Chi Square, CHISQ;
three analyses of variance, VAR |, Prep VAR, VAR |1l; three decay analyses,
DECAY I, I, 11I; dead-time determination, DEAD; and backing thickness
determination, BACKTH. The latter two programs are not part of the routine
analysis, but are included for completeness.

The program sequence is shown by the block diagram of Figure 1. All
programs were written in Fortran | and were designed to be compiled with
the PDQ processor, using the IBM 1620 computer. This computer was selected
since it is available near the experimental facility. It is, however, possibl:
to modify the program for use on larger computers (e.g., 7090 or 7094 as a
chain job with a control program). This would be accomplished by changing
a few input and output statements.

PDC takes the counting data as punched by automatic counting equipment,
whose format is shown in Figure 2, preceded by a deck of program definition
cards. The format of the problem definition cards is shown in Figure 3. The
following programs are designed to be run in sequence according to on-line
comments. For specialized cases of radiometric data certain of the programs
could be omitted from the running sequence; however, the experimentor is
cautioned that such omission could result in a data format that the computer
does not properly recognize.

PDC organizes all data by problem number and sample number and into a
format most suitable for further reduction. |Its output is the input to DATORG
which sorts the data according to counting systems, and geometry. These
various sortings allow the intermixing of data, thus affording flexibility of
counting operations. Its output is the input to RESOLN which corrects observec
counts for detector dead time. Data is then fed to DCISON which corrects obser
counts for decay during the counting period. DCISON also tests to determine
if decay has occurred between two successive observations on the same sample.
If so, each observation is called '"number one', but if not, the observation
number is advanced sequentially, regardless of the observation number punched
on the card. The output from this program is the input either to DECAY or to
CHISQ, according to a predetermined code number.




DECAY corrects for decay between count observations and adjusts these
observations to that estimated for a previous time. CHISQ is customarily
used only when a new system is put into operation or its performance Is
questioned. |t determines if a series of observations is from the Poisson
distribution associated with the characteristic randomness of radioactive
disintegration. Correct performance is exhibited only if such a distribution
exists. The output of DECAY is the input to VAR which averages the counts,
corrected to a particular time, that are associated with like samples. The
error associated with this average is also estimated along with the number
of additional samples necessary for a smaller error. Not directly associated
with the data processing, but included for completeness, are two programs,
DEAD and BACKTH. The former calculates the counter dead time used in RESOL,
and the latter calculates the thickness of sample backing material by three
different methods: first, from data given in milligrams per square centimeter;
second, from data given in mils along with the material density; third, from
the ratio of the observed counts of another source with and without the backing
material.

The input and output formats, flow charts, and program listings will be
presented later herein when each of the several programs is considered in

more detail.
Program Description - Pre-Data Compiler

POC sorts the counting data problem number, the major data breakdown, and
transforms the raw data, punched by the automatic counting equipment, into a
format more suitable for further reduction. The first cards read are all of
the constants and problem identifying numbers required for further data re-
duction, such as sample numbers that should be compared, background data, decay
constants, number of decay components, and special code numbers. Next, the
data furnished by the automatic counting equipment is read. |t should be noted
that the sample counting time does not have the decimal point included on the
card (a requirement of the counting equipment). Thus, this éntry is immediately
transferred from a fixed point number (no decimal point) to a floating point
number (with decimal point). With the particular counting equipment utilized,
the omitted decimal point on the input data card necessitates dividing the
punched number by 100 in order to obtain the counting time in minutes. After
preliminary sorting of data into separate problems, the input constants on
cards are punched, followed by the data cards as they are processed. These
comprise the input to post-data compiler, which organizes the rroblem by
sample number and similarly punches the data in the same format. Table 1|
lists the source program; the input and output data for a sample problem
are given in Tables 1lla and 11ib, respectively.




Data Organization

DATORG consists of a sequence of programs beginning with the output of
POC. It arranges the data in ascending order with respect to system number,
and geometry number, associating with each group the appropriate input constan
The Input data Is punched in time sequence so that each field wiil be
organized In time. |f the data is already organized, this sequence of
programs may be bypassed and the output of PDC used directly as input to
RESOL. Once the data has been stored, a loop in the program performs the
task of making the necessary changes to the sequence of data cards for their
organization. After the data is sequenced appropriately in the storage array,
duplicate cards are punched in an identical sequence. At this point, the
next set of raw data is loaded, to be arranged in similar manner. Tables VI,
VIil', and X list the source program, and the output }isting of a sample
problem is shown in Tables VI, IX, X1, for DATORG I, 11, &nd I11.

Resolution

RESOLN corrects the observed counts for detector dead time loss. It
should be noted that if the counting rate of the data is sufficiently low
sO as not to exhibit the effects of resolution loss, this program may be
bypassed, and the data used as input directly to DCISON. RESOL obtains the
dead time from the data cards associated with the corresponding system. After
processing data for a particular system, a new system number and value of
resolution time is associated from the input with the counting data. The
analysis is then repeated. Table XI| is the source program listing and
Table X111 lists the output for a sample problem.

Determining Dead Time

Dead time is calculated from a series of count rate observations made
on a highly active, rapidly decaying radioactive sample. The analysis

- utilizes two data sets, N, the true count rate obtained by extrapolating

low count rate observations with a known half-1ife, and M', the observed
high count rate observations. For every point M' there must be an associated
point N. A curve of the form for dead time corrections

where T is dead time, is then fitted to the data by the least-squares method.
The program is limited to 100 data points for each of the M' and N sets.
Input data is obtained from DCISON I, bypassing RESOLN. Table XIV is a
listing of the source program, and the output data Is listed in Table XV.



Decision

DCISON determines whether or not radioactive decay is significant. It
also supplies background count data and the decay constant of principal intersect.
There are two parts of this program: One, DCISON |, is used when the sample
observed contains only one radioisotope (i.e. decays with a constant half-)ife)
and the other, DCISON I, is used with a mixture of radioisotopes. Input data is
obtained from RESOLN which senses the correct program and prints on-line
instructions to the computer operator. If no background count information is
given along with the counting data, the program searches for this information
in the experimental constants section of the input data. |t then determines if
a decay constant is given by the counting data cards. |If not, an effective
decay constant is estimated by the relation

where A, and A, are two observations of count rate less background (made on
the samé samplé using the same problem, system, and jeometry numbers), Ay s
the first observation made after observation A,, t is the time difference getween
the two count rate observations, and A is the effective decay constant. It
should be noted that the value of A for the second to the last card, | = n-1,

is also used for the last card, i = n. The time difference is obtained by
multiplying the difference in days by 24 and adding that number to the dif-
ference in hours. The result is multiplied by 60 and added to the remaining
dgifference in fractional minutes. The effective decay constant thus determined
is used only for computations within this program and is not otherwise trans-

mitted to the ottput data.

Both forms of DCISON make additional tests and computations to correct
for decay during counting and to determine if there is significant decay
between observations. It is arbitracily chosen that if the product of At _,
t_ being the duration of count observations, is greater than 0.01, the ob-
sérved counts (less background) are corrected for decay during observation
by the relation

A = AK{

° (1-e™
where A is the observed counts and A is the corrected counts. For each
such card, the observation number is set equal to one. |f the count ob-
servation includes background, then it is necessary to convert sample and
background counts to rates, subtracting the latter from the former, before




making the above correction. |If the product of the time difference, t,,
between observations and the decay constant, A\, Is greater than 0.01,
significant decay is said to have occurred between observations. If such '
is the case, the observation number Is set equal to one and the time at
which the observation Is made is unadjusted. 1If, however, the product

At Is less than 0.01, then the time of observation is set equal to that
time of the first data and the observation number is set equal to that

of one plus the data immediately preceding. The source programs are
listed in Table XVI, XVIII and the output listing for both forms of

DCISON is given in Table XVilab, XiX.

Chi Square

CHISQ Is a program used to determine If a counting system is performing
satisfactorily. This program obtains its input data from DCI{SON but it
is not part of normal data reduction; rather, it is used when testing a
counting system. Data for CHISQ is obtained as a series of count rate ob-
servations, each for an equal interval of time. It should be noted that
any counting system should exhibit only the Poisson variations of random
disintegration process except for minor long term changes. The source
program is listed in Table XX, and in Table XXI is the output listing for
a sample program.

Decay

DECAY is a program used to correct for radioactive decay in the countin
rate of a sample. In the present scheme of analysis three programs are prg
vided depending upon whether there are one, two or three components of deca
The number of decay components (i.e., decay constants), is sensed by the
preceding program DCISON, and appropriate on-line instructions are provided
to the computer operator. For this program the cards asscciated with the
problem constants provide the decay constants. The program interprets thes
decay constants as the slope of straight lines on similog paper and fits th
observed counting rate data to the straight lines such that the sum of the
straight line components, one for each decay component, is equal to the ‘
observed counting data; as a function of time the smooth curve through the
counting rate data is optimized by the least-squares process. The source
programs are listed in Tables XXI1, XXIV, and XXXI, for Decay |, II, and il
corresponding to 1, 2, and 3 components of radioactivity. Tha program es-
timates the most probable counting rate for each component of the radioacti
sample, up to a maximum of three components. This estimate is at either
a given day and time, which must be less than the lowest day and time, or
the lowest day and time depending upon the information given in the data
of problem constants. Additionally, each data point is corrected back to
that time so that the resulting output data which is shown in Tables XXI11,
XXV, XXV1l, respectively for Decay I, 11, : «d Il consists of the average
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counting rate for each component as well as the average total counting rate

of the sample along with the counting rate of each observation broken into

its constituent radioactive components along with the sum of these components.
In all cases the other experimental parameters such as time of observation,
background counting, and time of observation of the background counts, number
of samples, and number of observations per sample, are preserved so that sub-
sequent programs can associate confidence limits with these count-rate es-
timates. Although some variance of data points from the idealized curve is
‘possible, extreme variations are not tolerated by the present program. This
Is because weighting is not employed to allow counting rates that more closely
approximate the predicted value (based upon known half-1ife) to be considered
more important than "hose counting rates which deviate considerably from the
predicted values. For the same reason, gross errors can result if the absolute
magnitude of one component of radicactive decay is small in comparison with
the absolute magnitude of the sum total of all components of radioactive decay
present in the sample. These limitations, however, do not impose serious res-
trictions for practical radiometric analysis, and the incorporation of these
limitations together with thase concerning the duration of time of observation
and number of observations per sample, which will be discussed as part of the:
following program VAR, greatly simplify the mathematical analysis and re-
quired computer programming.

Analysis of Variance

VAR is a program for determining the average counting rate of a series of
observations made over a period of time. As such, there are possible mechanical,
sampling, chemical, (when more than one sample is being compared) and non-Poisson
counting errors in addition to the Poisson variation of radioactive decay process.
Its input is the count rate of the sample and background counting rate pro-
vided by DCISON. The program also estimates the confidence interval associated
with the average count rate.

The program considers m samples whose hypothetical true count rate is the
average of an infinite number of observations made on an infinite number of
samples. Thus, the m samples represent a random collection from the sample
population. This population has a mean and a standard deviation, whose
estimates based upon m samples observed a finite number of times are, res-
pectively, p and @. These parameters, along with identification data, are
provided as output data. It is assumed that each sample is observed for the
same number of times, that each time duration of observation is the same,
and that a separate background determination is made for each observation.

In addition to determining the best estimate of the counting rate, an
estimate is made of the confidence limit associated with the standard de-
viation, 0.90, 0.95, and 0.99~level of significance. This level is used
in calculating the upper and lower limits of the confidence interval associatec




with 5. Additonally, the number of additional samples, or observations, In
the case of single sample, required to reduce the estimated error of the measut
ment is calculated and punched on cards together with the other output data.
The program is listed in Table XXVIIi, for the case of one sample, and the
output of a sample program is listed in Table XXIX. The result is the best
estimate of the counting rate of each component of radiocactive material, up
to a maximum of three, at a given day and time, along with the confidence
interval of these estimates. This best estimate is based upon a series of
observations made on a series of samples. Similar source programs for the
case of many samples, are listed in Tables XXX and XXXIl. The corresponding
sample output deta listings are in Tables XXX1 and XXX!i1.

Backing Thickness

BACKTH calculates the thickness, XF, of backing material for radioactive
samples by three differegt methods. First, the data may already be given in
the desired units, mg/cm®, which merely entails punching the sample number
with its associated thickness. Second, the thickness may be given in mils,
in which case the density, p, of the backing material must accompany the value
of thickness. Third, the data may be given as the ratio of counts observed
when the backing is used as a absorber. Input data is obtained from the out-
put of DECAY |, singe this program is also not part of the regular reduction
routine. |f the density is missing, this indicates that the backing thickness
is already in the desired units, mg/cm”. |If the density is present, then the
thickness s in mils, which requires changing these units to milligrams per
sq?a;e centimeter. This is accomplished by multiplying the given value of
XF(1) by :

10°3(in) 2.54 (em/in) p(mg/cm’)

where p = the density of the backing material. Thus, XF(1) is now in the
desired units. On the other hand, if the value of XF(I) is missing, then the
data card must contain the maximum beta energy for this particular isotope,
E, the counts observed when the backing is used as an absorber, AA, and the
counts when the backing is not used as an absorber, AO. A zero value of XF(1)
instructs the program to check the geometry number given for the present
execution of BACKTH. A geometry code number less than 10 indicates narrow
geometry. If this is the case, the above entries on the current data card
are used in obtaining a value of the mass absorption coefficient, &, by
employing the following equation for narrow geometry

22 2
o 51_33 > cm /gm

where E = energy, Mev. |If the geometry code number is greater than or equal
to 10, indicating wbde geometry (2x or U4n), then the given value of the



maximum beta energy, E, Is checked to see if it is less than 1.45 Mev. |If so,
the following equation for wide geometry Is used to determine

_ 60
a El.sE

If the value of E is greater or equal to 1.45 Mev., the equation, also for
wide geometry, is employed

. 200
E6.25

After the appropriate value of @ is determined, it is used in calculating
the corresponding value of XF(I1). This is done by substituting the values
of A0, AA and @ into the following expression

XF(1) = lna(Ao) . lna(AA2

Immediately, this value of XF(1) and its assoclated sample number are punched
on cards. The source program is listed in Table XXX1V and Table XXXV lists
the output data for a sample problem. It should be noted that these programs
do not handle the case where the geometry is actually neither narrow or wide
but somewhere between the two special cases.

RESULTS

The response of the selected foils Lo moderated nzutrons is shown in
Figure 4. In this Figure the response of each foil was normalized by
dividing the observed activity by the maximum observed activity. This normal-
ized activity is the linear left ordinate and is plotted versur ‘“he paraffin
thickness, measured in inches along the logarithmic abscissa. The only ex-

ception is the cadmium ratio determinations. The cadmium ratin w.s calculated

by dividing the activity of the bare foil by the activity of the foil covered
with 20 mils of cidmium. This ratio is the linear right ordinate plotted

against the same abscissa. The reciprocal of the cadmium ratio is the fraction

of the total number of neutrons having energies greater than the effective
cadmium cutoff energy(N.B., for the cadmium thickness specified above and for

an ambient temperature of 23°C, the effective cadmium cutoff energy is 0.48 ev).

From the cadmium ratio an estimate may be visually obtained of the average
neutron energy. This may be used as a comparison basis for the foil response.

10
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It will be seen in Flgure 3 that the response of each foll is falrly narrow
and does not overlap more than a portion of the adjacent foil. Further, It
will be seen that there Is no energy at which some foil does not have a sig-
nificant response. Most of the folls have responses between 1 and 16 Mev.
This is the energy region where most resolution is needed in thg study of
the penetration of l4~Mev neutrons through shielded structures.

CONCLYUS IONS

Twelve feet of paraffin will thermalize at least 99 percent of all 1h4-Mev
neutrons as evidenced by the measured cadmium ratio of Indium. The response
of each selected foil, ordered In decreasing energy, overlap no more than the
response of the adjacent foils and there is no energy ''gap'' for which there
is no response of at least one foil. The resolution of foil response, i.e.,
the width of the response curve, is most suitable for measuring neutron
streaming through ducted entranceways of protective structures.

A series of computer programs is most useful for the reduction of foil
activation data. The programs are written for particular application to
shielding studies where several different foils are irradiated in many dif-
ferent locations in the shield. The programs take care of the ''bookkeeping'
for such an experimental program, such as foll positions, foll type, radio-
metric system and geometry, and different observations for the statistical
analysis incorporated in the program.
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COUNTING DATA

NOTE ©  aS MANY CARDS AS THERE /\
ARE 2'S IN COLUMN 2 N

PRECEEDING DECK —\ X XRXX xx

CoL 2-4 &9 1-13
LOwW LOW PROS
DAY TIME NO.

NOTE - AS WaANY CARCS AS
PROBLEMS

x XX
—\6&2 .o }:SEARCH FOR LOW THeE,

OfCAY PROB SECOND DAY
COOE  NO. 2:10% TIME ANO DAY GIVEN

NOTE  CARDS ARE (N SAME OROER
AS PRECEDING DECK ) AS MANY

CAROS AS THE TOTAL NUMBERS

N COLU'S 4-3 OF PRECEDING a xx

DECK coL 48 8-10
10 NO OF pPROB
€A SAMPLE NO.

NOTE ' AS MANY CARDS AS TWE TOTAL
NUMBER OF GROUPS FOR ALL

PROBLEMS
\ XX X
oL 45 8-10
NO_OF SAMP PROB
NOTE: owne camo. \ xxxx \
oL 2-8

TOTAL NO OF GROUPS FOR
ALL_ PROBLEMS

NOTE: AS MANY CARDS AS THE SUM

OF COL 8 IN PRECEDING SET
\ XXX XXAA XXX XAXX XXX, XX, XX XX
ICOL. 2-4 69 13 B 21-28 28-32 39-40

- LOW  LOW  HIGH WGMH 8KG BxG SYSTEM
DAY TIME DAY TIME COUNTS TIME NO

x
. coL E) O = DATE GIVEN WITH COUNTING DATA.
BACKGROUND X1L00K AT FOLLOWING CARDS, VALUE
COCE OF X INOICATES NO OF BKG CARDS /__NOTE AS MANY CARDS AS SYSTE

xu

x JAXNELXX SXXXE X XXXE $2%
[ -5 17-24 26-33
MO, OF ‘e DECAY CONSTANTS -t
OECAY CONST THIS PROBLEM ~ 3 MAXIMUM

b
[=+ % 4

~N

NOTE - AS MANY CARDS AS PROBLEMS

533

3
;23

- NOTE one CarO
Xo XXXXELXX X /

cu -1 [L3-]
REIOL UTION SYSTEM
Time N0

— NOTE : aAS MANY CARDS AS THERE ARE
SYSTEMS,

NOTE  ONE carp

Figure 3. Format of problem definition cards.
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TABLE 1.

fFoll Reaction

In”5 (n,n') 'nllSm

) 'nll6

62

ln"s (n
cu® (n,2n) cu
1'27 (n,2n) 1n'26
s32 (n,p) P32
3% (n,a) i3

p3! (n,p) 513

6

Fes6 (n,p) Hns

Moo 2 (n,2n) Hogl

a127 (n,p) ng?

Alz7 (n,a) Nazu

a1%7 (n,y) a128

cw®® (ny) cu®

List of Foils

Daughter Half-Ljfe

L.4 hr
54 min
9.9 min
13.3 d

14.3 d

2.62 hr
2.62 hr
2.56 hr
15.5 min
9.51 min
15 hr
2.3 min

5.1 min

17




TABLE 1! PRE DATA COMPILER SOURCE PROGRAM

C

PRE-DATA COMPILER
DIMENSION MM(125)
K=1
10 READ 105sN1
105 FORMAT(15)
PUNCH 105,N1
DO 200 I=1sNl

READ 106sNYX b

200 PUNCH 106 sNYX i
106 FORMAT (40H
132M
READ 105N
PUNCH 105N
DO 201 I=1N
READ 807 sMM(1)
201 PUNCH 807sMM(1)
N3=0
DO 202 I=1sN1
READ 105sN2
N3=N34N2
202 PUNCH 105sN2
DO 203 I=14N3
READ 106sNYX
203 PUNCH 106sNYX
READ 105,N5
PUNCH 105sN5
N6=0
DO 205 I=14N5
READ 401 sN79NNM
N6=N6+N7
205 PUNCH 401 sN7sNNM
DO 206 I=1sN6
READ 106sNYX
206 PUNGCH 106sNYX
J=0
DO 208 131N
READ 408,1Cs1P
IF(1C~2)208,209,208
209 J=J+l
408 FORMAT(I2+14)
208 PUNCH 408sICsIP
) 00 210 I=1sJ
READ 106sNYX
210 PUNCH 106sNYX
12=2=~1

12)



i =

PUNCH 109912
109 FORMAT(40X+32Xs12)
3 READ 1009 B4sB3s1ATsTA61A2:IA5,D9B6s1B5,1A351A40]1A1,1B2,B1
IF(1B5)593045
30 PUNCH 110
110 FORMAT (40X s40X)
PRINT 808
808 FORMAT(27THEND OF PROBLEMy REREAD DATA)
PAUSE
KsK+1
IF(K=N)10+104300
S IF(1BS5aMM(K))34a,3
4 C3=1B2
B2=C2/71004
IF(B4) 19291
1 PUNCH 101s IA191A2+1A3,1A491A5,1A691A73B1sB2+:B3,B4,1B85,D,86
GO TO 3
2 PUNCH 102y 1Al190IA291A3,1AG,1A5,1A691A73B1:82,1855D4,86
GO TO 3
300 [2==9
PUNCH 109,12
PRINT 500
STOP
500 FORMAT{13HLOAD POST PDC)
100 FORMAT(FT7e29FB8e¢093135129E9e39F5429214415,14416,1%X,F840)
101 FORMAT (1441391491591 242139FBe0sF7e29FB8e0sFTe29149E9¢33F5,2)
102 FORMAT (149139145150 1292139FB8e09FT7e2915X9149E9e39F5¢62)
401 FORMAT(215)
807 FORMAT(144+35H )
END
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TABLE IV POST DATA COMPILER SCURCE PROGRAM

C POST DATA COMPILER
DIMENSION NS{100)
2 l=1
3 READ 1Q00eNYX
" PUNCH 100,NYX
IF(NYX+1)1e1041
10 READ 1014 TA101A291A301AG1ASs1A6IAT¢B1,B283,B4,1859DsBENYX

NSil)=1Al
11 READ 1014 1AL1,JA231A351A4,1A5)1A641AT7:81482+83,B84,1B5,D4B84NYX
IF1IAL1)16415416
15 J4=1
13 JIFINSTU)-TAL)I12+11412
12 Jy=J+]
1I€¢J=~1113+13,14
14 ¥=1+1
NSil)=1A1
GO 10 11
15 PRINT 102
IFt]~1)400+4004408
408 Nz |
DO 300 [=2eN
Jal
402 IFINSULJI-NS(J~-1114014+23000300C
40} KEFaNSI1U)
NS{J)eNS(J-1)
NS(J-1;»KEP
IF{J~-21404300440
40 Jed-1
@0 10 &2
2060 CONTINUE
I=N
400 DO 2000 J=1+1
200 READ 1004NYX
1P ENYX+112300206,200
2C% READ 101s TALGIA2eIA3 1A% AE L ]ASRIATBLB2+B34BLsIBS.DrBAINYR
IF{TA1)R202+20014202
£3Z2 IF 1 [AL-NSiJ)1206e 2034209
203 PUNIH 1010 1AY 31823 TA3 4 JAL,TAS o AL 1A74B1,82+B34B4,TBS,DsBSNY?R
GC TO 204
2001 1IF{4=112002s200092002
2002 PRINT 162
- «000 CONTINVE
PRINT 162
PUNCH 10101A11A2 1A [AL,JAS TABW[ATB) B2 ,23,8B531B5,D,86,N1X

PAUSE




GO 70 2
100 FORMAT {40M ’
132H 012}
101 FORMAT (143135149 1551242134F8e09sF7e¢2+F860 F7o29llnE9.3’F502’
102 FORMAT:11HREREAD DATA)
103 FORMAT(16HREAD NEW PROBLEM)
END
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TABLE

400

901

4602
401

40 U=

800
22

21
20
23
2

804

500

300

116

944

108

100

101
102

Vi DATORG ! SOURCE PROGRAM

DATA ORG !
DXTFNS!ON NNt200)
K=

READ 1004N)

PUNCH 10604N1

DO 3 f=2sN1 -

READ 101 +TAUSNN(T )
BUNCH 101,TAUSNN( T}
READ -102,NYX

PUNEH 1024NYX

e ENYX+1)4at b
1FIN1=1190149004901
DO 800 1=2,4N1

J=1

TFINN? ) -NNTJ=1114014800,800

KEPENNTJY -
NN{JI=NNCJ-1)
NN{J-1)=KEP
IF{J=2)1404800,40
J=1

60 10 402
CONTINUE -

READ 19391A101A2’IA3'!A“ﬁlAS;lAé.IA?oBl9829839840185a0k Bé
tFETA2-NNIK} 120521520 -
PUNCH 103, lAlOIA291A391A491A591A691A7’Bl B2+834B4+IB5,DKy

6o 10 22 .
tFPl1A2} 22423422
K=K41 . :
{FLk=N1)244244300

4 PRINT 801 |
FORMAT { 23HREREAD DATAs PUSH START)

B8AUSE

READ 102.NYX
FFENYX+1)5005224500
PRINT 108

PUNCH 110 ,
FORMAT 40X s40X)
PAUSE -

&0 10 Loo

Kel . . ..

6o 10 22

FORMAT {1 7HLOAD NEXT PROBILEM;

FORMAT (18} .
FORMAT (Elle4014)
FORMAT { 4OH
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TLBLE

[

10

21

20

22

23

VIIT DATORG Il SOURCE PROGRAM

DATA ORG 11
READ 200sNYX
IF(NYX+1)1s201
READ 2014185
1X5=18%

PRINT 202
PAUSE

READ 100sN1
PUNCH 100sN1
DO 10 1=1eN.
READ 200sNYX
PUNCH 200.NYX
READ 1Q0sN2

‘00 20 I=1sN2

READ 204+ IPROBINLMeXLAML 9 XLAM? XL AM3
IF({IPROB-185120+21520
1Y1=1PROB

1Y23aNLM

XX1=XLAML

XX2=XLAM2

XX3=XLAM3

CONT INUE

NN=Q

DO 22 1=1eN1

READ 205+N3 N4

PUNCH 2059N34N4
NN=NN+N2

DO 23 1=1sNN

READ 200sNYX

PUNCH 200sNYX

NYX==2

PUNCH 203,NYX

PUNCH 204e1Y19IY29XX10XX2sXX3
READ 100N

NM=Q

DO 45 §1=1N5

- READ 205,N3Na

26
25

28

NN=NN+N2
IFING-1Xx5125426425
PUNCH 2054N3sNs
CONTINUE

DO 27 J=1sNN

READ 205sN3 N4
IFING=1X5)2T728+927
PUNCH 205eN3 N4



27

30
29

31

34
33
32

35
36

37

100
200

201
202
202
204
205
206
207
2r8
209

CONT INUE

NYX==3

PUNCH 2039NYX

NN=Q

DO 29 1=1sN2

READ 209N

IF{N-2)29930+29

NN=NN+1

CONTINUE

TF(NN)31+32+21

DO 33 JalsNN

READ 206+J)9J24J3

15 (43-1X5133534433

PUNCH 206+J19J29J3

CONT INUVE

READ 2CGOsNYX

PUNCH 200sNYX

IF(NYX41)32435,432

READ 207s1A191A2,1A34JALsTAS3]A531AT9B1sB2+sB3sB44IBS5+DKeB6
IF{1A1)364374+36

PUNCH 207 TA191A2+1A3,1A4y1A541A6,1A73B1:B2+sB3+B4,s1B5,DK,B6
GO TO 35

NYXa=9

PUNCH 203 .NYX

PRINT 208

PAUSE

GO 70 1

FORMAT(1%5)

FORMAT {40H ’

132H »12)

FORMAT (4CXs14Xs14)

FORMAT(11HREREAD DATA)

FORMAT 140X +32Xs12)

FORMAT{14512+3E9e3)

FORMAT (215)

FORMAT (14s15+14)

FORMAT ¢ 1451301801531 242139FBe00FT702¢FB8eN0sFTeleltsEFeIsFBeli
FORMAT { J4HLCAD NEXT PROB)

FORMAT {12

END
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TABLE X DATORG 111 SOURCE PROGRAM

la)

DATA ORG 11
DIMENSION TAU(S50)+1SYS(50)sINTDI100)sINTT(100)sIFDI1100)+BKGCI100)
DIMENSION BKGT(100)+IFT(100),1SM{100)
READ 100sN1sNYX
D0 1C I=14N1
READ 101sTAUITIIISYSID)
NX=0
DO 11 1=14N1
READ 200sN2s[SMM
11 NX=MX+NZ2
DC 12 $=214NX
12 READ 102+INTD(TI)SINTT(I)oIFDIT)oEFTII)+BKGC(I)sBRGTITI)4ISMIT)
15 READ 103sNYX
PUNCH 103,NYX
IFINYX+1115414415
14 READ 1043A191A251A3s1A4sTASsIAO69IAT 9Bl sB2+sB839B61B5+DKCeBASNYX
34 IX2=1A2
1Y5=185
DO 16 I=1sN1
IF(1AZ2=15YS111116417916
17 PUNCH 101sTAULI)»15YS(1)
Jwl
16 CONTINUE
DO 50 1=1¢NX
IFLISMIT11-IX2)50+51450
51 PUNCH 102sINTDU(I Yo INTTI U)o IFDIIYSIFTII)sBKGCII) oBKGT{1YsISM(T)
50 CONTINUE
NYXz-5
PUNCH 300sNYX
NYX=Q
52 PUNCH 1043A141A251A301AG,1A541A6+1A7:814B2+4839B4sIB5+DKCeBOINYX
1GD=1AS5
READ 104sA1s1A291A331A09IAS,1A691A79B1+B29B39BLsIB5+sDKC9BEINYX
IFUTAZ2-1X2)153+524+53
53 JFINYX4+9)60+54460
60 NYXr=6 '
PUNCH 300eNYX
GO TO 34
54 PUNCH 300sNYX
300 FORMAT(40X+32Xs12)
100 FORMAT(I5435H N
132H »12)
1C1 FORMAT(Elletsld)
200 FORMATI(15+15)
102 FORMAT{14915418491543FBa0eFTe25IT)

O N =




103 FORMAT (40H ’

132H 120
104 FORMAT (14+1391091541242139FBe0osFTe21FBe0¢FT7a2s169E9e39F562412)

204 FORMAT({21HEND DATA ORG PROGRAMS)
800 FORMAT(13HLOAD NEW PROB)
END
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TABLE

[ ¥

10
11
12
13

14

16
20

15

100
101
104
105
201

202

X1! RESOLUTION SOURCE PROGRAM ,

RESOLUTION

READ 201 sNYX

PUNCH 301sNYX

IF(NYX+111910,1

READ 1009TAUsISY

READ 201 sNYX

PUNCH 201 oNYX

IF(NYX+5111+12011 ,

READ 10191A1,1A2+1A3,31A441A5,1A641A7y BlyB2+B3+B4sIBS5S«D4BOINYX
IFUISY~1A2)13,14413

PRINT 104

PAUSE

GO 70 1

C=Bl1/82

FTAUal ¢=C#TAU

TRUE<BL/FTAU

PUNCH 10191A131A291A341A451A531A6sIAT»TRUENB24B39B4,41B5sDsBOEyNYX
READ 10191A141A291A331A431A541A641A7y BlsB2+B3+B4s[B5+sDsBOaNYX
IFINYX+6)16415916

IFI(NYX4+9114420414

PRINT 105

PUNCH 2029sNYX

PAUSE

GO TO 1

PUNCH 202sNYX

GO0 TO 10

FORMAT(Ellebslé)
FORMAT (1491331401591 202139FBe0sFTa2+FBe09FTe23160E963eF542+12)

FORMAT (27THERRORs MIXED SYSTEM NUMBERS)H

FORMAT (16HLOAD NEW PROBLEM)

FORMAT (40H »
132H s12)
FORMAT (40X +32X912)

END
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201

202
203
2C 4
200
222

71
103

205

300

40

Loo

X1V DEAD SOURCE PROGRAM®

‘GM DEAD TIME LOS5S CALCULATION
DIMENSION AMP(200) »AN(200)17£200)
READ 100sNYX
READ 1074+7PRBINKLAM, XLAM
FORMAT(T40s12+E943)

READ 100sNYX

IF(NYX21110011410

READ 10141A1,1A251A331AG3TASs1A6,TAT9BL,B2+83,B6,NYX
IF(IAS«T7) 7141271

ISME=1AL

ISYS=[A2

1IDYm iAJ

1GEQ=1AG

[0

GO TO 200

READ 101 ,1ALeTA241A3TAGIAS IALCIATVB1sB2.B348LsNYX
JF{1AI~]SMP:2054,202+205
[E(ISYS=«1A2)2054203,205
IF(IDY-1A3120532064205
IFLIGEO-1A612054200,4205

1-1+1

AMP (1) =B 1

LFT=1A4/100

1T(121AL=L FTRI00+LFT+60

G0 10 201

PRINT 103

FORMAT { 12HNCT TAU DATA)

FAUSE

G0 TO 90

dai

AN(Ji=AMP ( J)

Ned-1

DO 300 1=z1eN .
TIMESITiN)=1T(1) ‘ v
ANCT ) sANt JV#EXP (XLAM® T IME)

SUMT & 040

SUMB = 0,0

DO 40 1=21)J

$T 3 AMP(1)#{le=AMPLII/AN(L))

SUMT & SUMT + ST

S8 » AMO (] }ne2

SUMB = SUMB + 5B

DT = SUMT/SUMB

IF(DT 180050024602

DT=00




402 PUNCH 106
PUNCH 105451S5YSe1DYsDT
13 IFINYX+9)700,70,700
70 PRINT 3102
102 FORMAT(16HREAD NEW PROBLEM)
60 TO 90
700 IF(NYX+6)701+s11s701
701 PUNCH 100sNYX
G0 70 11
100 FORMAT{40H .
132H v12)
10 FORMAT(14913914315912+02133F8e09FTe2sF8e0sF7e2+18Xs12)
105 FORMAT(215+2X9E1044)
106 FORMAT(6HSYSTEMyaH DAY 9H TAU)
END
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\BLE

202
203
112
300

250

350
210

211
221

212

34

4004
4001)

4000
216

877
7002

7004
7001

XVl DECISION I SOURCE PROGRAM

DECISION 1

DIMENSION X{ 30+6)
FORMAT(16HLOAD DECISION I 1)
FORMAT(16HBKG INFO MISSING)
FORMAT(I16HREAD NEW PROBLEM)
READ 200sNYX

READ 201 +PNyNRLM, XLeXLAMZ s XLAM3
IFINRLM=-112509350425%0

PRINT 202

STOP

PUNCH 2009¢NYX

PUNCH 201 +PNyNRLM, XL oXLAMZ o XL AM3
READ 200sNYX

PUNCH 200sNYX
TFINYX+11210+2114210

LL=0

KKK =0

READ 1004IC1eJC2+1C35IC44CS59C6INYX
IFINYX+5)212434,212

I=LL+]

X{Is1)=1C1

X(1e21=1C2

X(193)=1C3

X{lea)=1Ch

X{1¢512C5

X{T+6)aCh

LLsLL+]

60 TO 221

READ 1029 IAl4TA241A3,1A43IASs]AG6s1A79B14B2,:B3484,IB5:XLLsBOINYX
1FIKKK)}4000+40044+4000

KKK=1 )

1G=1A6

LRR=1AS

[SM=]A)

10=0

17T=0

Jel

TFINYX+491215+21649215

PRINT 112

PUNCH B877sNYX

FORMAT (40Xs32Xs12)
IF(LRR~7)7001,7002,»7001

PPINT 7004

FORMAT(17HTHIS PROB TO DEAD,
PAUSE




215
4002

270

53
46

17
15
14
18
19
20
16

21

22

10
6

29

28
30

31

32
36

313

G0 TC 300
IFINYXe6140024,27046002
IFLTAS-1014001446546001
IF(1A1~1SMI4001+53+4001
PUNCH 877sNYX

GO 10 211

IFIIDY 744647

1D1=1A3

ITl=1Aa

IFIIAS-1) B8,10,13
IF(1A5-2) 8,10,9

PRINT 104

PAILSE

GO 10 34

IF(B3) 11+12,11

1F(B&)y 22+12+22

A3=x1A3

Aa=TA4

Ial]

GO TO 14
IFUI~LL)15915916

1=z1+1

1F(A3=X(131)) 17+18,19
IF(A4-X{T1+92)) 17919419
IF{A3«X(143)) 204204917
iF(AG-X(1s8)) 21521917
PRINT 109

GO TO 10

B3=X(1:+5)

BasX(1,6)

IA3=A3

T1A4sA4

C=B1/82-B3/B4

GO TO 64

C=B1/8B2

U=xXL*B?2

IF(U=-s01V 28,29:+29
C2CrU/{]1,0-EXP(~U))
1A7=1

1F(1A3«10) 30,31,32
PRINT 107

G0 T0 132

[FilAax]1T) 30324632
IFUIDY 33:,364+33
Ax24%([A3=-1D)

BalAG-1T

GO TO 37
Az24%1[A3-1D1)



37

41

38
40

61
67

39
60
65
66

42
bé
43

49

47

100
102
104
107
109
201
200

BelAG~1T]1

De0,

K=]

GO T0O 38

D=D4100,

KeK+1

IF(B=D) 39,440,441

BD=0,

GO TO o2

D=D-100,

8D=B~D

GO TO 42

IF(K=1) 60+60461

D=-100,

IF(B=D) 66+40467

D=D-100,

GO TO &%

T=60+%A+,6%D+BD

JIF{XL®#T~601l) 43444,44

JA7=1

GO TO 47

1A7=)

J=J+1

PUNCH 1023s1A1+{A2+1D14IT121AS541A601A7s CeB2+8B3,B4s1B5,XL+BEINYX
I1D=1A3 '

1T=1AG

GO TO 34 '

PUNCH 10231A141A241A3,1AL,1A5,1A6+]1ATs CeB2+B34B4,IBSeXLsBOEINTX
ID=1A3

IT=1A4

1D1=1A3

ITl=1A4

GO T0 34 :

FORMAT (14315414315 ,FBe0sFT22539X412)
FORMAT(I491341491551292139sFB8e0sFT7a2:F8e0sFT7e20]49E9039F54,2412)
FORMAT (28HERRORy BKG SUBT DATA MISSING)
FORMAT(30HERRORs INCORRECT TIME SEQUENCE)
FORMAT(46HERROR, DATA CARD DOES NOT FIT GIVEN TIME RANGE)
FORMAT(14912+3E943)

FORMAT (40H ’
132H 2 12)

END
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TABLE XVIII DECISION I1 SOURCE PROGRAM

C

200
202
203
112

300

250

210

211

221
212

83

OECISION II
DIMENSION X{ 30+6)
FORMAT (40H

1324 v12)

FORMAT(15HLOAD DECISION I)
FORMAT (16HBKG INFO MISSING)
FORMAT ( 16HREAD NEW PROBLEM)
NY=Q

READ 200sNYX

PUNCH 200sNYX

READ 201oPN.NRLHQXLAMI9XLAM2.XLAM3
PUNCH 201 4PNsNRLM s XLAM] s XLAMZ s XLAM3
IF(NRLM-11210,250,210

PRINT 202

sTOP

READ 200 sNYX

PUNCH 200sNYX
IFINYX+11210,2115,210

LL=Q

1v1=0

1020

IT=Q

Ku2

J=1

READ 100,1IC1» ICZQIC3:1C4’C5’C6ﬁNYX
IF(NYX45)2129349212

I=lL+l :
X(1sl)=1C1l

X{1s2)=1C2

X(1s3)=21C3

Xtleh)=lCh

X([s5)=C5

X(1,5)=C6

LL=LL=]

GO TO 221

1IY1=1Al

[Y2=1A2

1Y3=1A3

1Ya=1Ad

[1Y5=1A%

IY6=1A6

1Y7=tA7

Gl=C

Y2=B82

Y3=B3



34
1000

701
115

216

17
15
14
18
19
20
16

21

22

10
23
57

1001
1002

Yo=Bé
JYS=18S

Y6=86

READ 102y TA1,1A201A301A4IA5sIA61A7,81,B2¢B3,B4,1B5,DsBSsNYX
IF(IA1)5341000+53

K=3

GO T0 84

PUNCH 1154NYX

FORMAT (40X932X0el2)
IFINYX29)1211+2169211
PRINT 112

PAUSE

GQ TO 300

IFCID) 744647

ID1=1A3

1Tl=1A4

IF(JAS5-1) 8510913
IF(IAS~2) 8491049

PRINT 104

PAUSE

GO TO 3¢

IF(B3) 11912411

IFiB4) 22412422

A3=1A3

A4z A4

I=1

GO TO 14
IF(I~LL)15915016

1al+1l

IF(A3=X41sl1)) 17918419
IF(AG=X(192)) 17419919
JFLA3=X(1+3)) 20920417
IF(AG~X{144)) 21+21,17
PRINT 109

60 TO 10

B3=X(145)

Baz=X(1e6)

IA3=A3

1A&=zAY

C=Bl1/B2-B3sB4

GO TO 23

¢=81rs82
IF(K=2)1001+57+1001
K=l

NMUED

60 TO 83
1F(IY1-1A1)1003.1002,1003
JIFLIY6~-1A6)100345841003



1003
5

62

59
61

91
94

60
90
92
93
63
ss
66
65
67

68
69
7
70
72
76
73
7%
76
77

79

K=2

60 TO 84
W=24%(1A3=1Y3)
YslAb=1Y4

i=0,

Jul

GO0 TO 59

Z=2+100,

JuJ+l

IF(Y=2) 60961462
YZ»Q.

GO TO 63

Is2=100,

YZsY=2

60 TO 63

IF(J=1) 90+90,91
id%~100,

JF(Y=2) 93161994
2=22=1004

G0 T0 92
Tub0o#We+e682+Y2
XXL=LOG(GL1)/T=LOG(C)/T
VaXXL#YQ

IF{V~0,1) 65966466
GloGlaV/(le0=EXP(=V]))
J=]

IFLIY3nID) 67468969
PRINT 107

PAUSE

GO TO 34

IFUIY4=]IT) 67969169
IFCIDY T70+71970
A=242(1Y3-]1D)
BelYhalT

G0 TO 72
Ax242(1Y3=]D1)
BxlY4m(T]

D=1060.

60 TO 73

D=D+100.

IF(B=D) 74475,76
BD=Q4

o T0 77

O=D&1004

BO=B8~-D
Tab6Qe*A+46%D+48D
IF(XXL2T~4Q01)78979+79
1Y7=1



78

80

1009
1007
1008

100
102
103
104
10¢
107
109
114
201

GO T0O 80
{YY=NM )
NMU s NMi;a
FUNCH 1029 JYLlyeIY24ID1olT1ol v 4IY6slY79G510Y2eY30YasJl733XRLsYSWNY
1Dc1v3
TxlYy
GO 10 1009 '
PUNCH 1029 IY1elY201Y35lY441YS41Y6s1YT9G)1aY20Y3970q Y sXXL 4Y64NY
NMU =1
10=1Y3
1T=lY4
1D1=1Y3
ITl=1v4
IF(K-111007+83,1007

IF{K-2)70191008+701
10=0

170

GC TO 53

FORMAT (14415014015 4F8e00F76¢2439%X912)

FORMAT (1401391841541 2¢2134FB8e0¢F7e295Be0eF7e2+18-E9e3F424i2"
FORMAT {1 7HERROR, MIXED DATA) ,

FORMAT{28HERROR, BKG SUBT DATA MISSINGS

FORMAT (la9E9e3;

FORMAT({30HERROR, !NCORRECT TIME SEQUENCE;

FORMAT (46HERRORs DATA CARD DOES NOT FIT GIVEN TIME RANGE)

FORMAT (45HUSE SAME DECAY CONST FOR LAST AND 2ND 70 LASTS1X4HCARD
FORMAT (14+1203E943)

END
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TABLE XX CHISQ SOURCE FROGRAM

302

301
304

300
305

100
309

80

311
313
81
82
83
84
85

102

-

CH! SQUARE SECTION

DIMENSION T130:9SNt30)1sB(4)sCtan
Bily=21e5

Bi2)=214e6

B8B13:24,00

Bib1=2,00

€Ct11=260460

Ci21:2762

Ci3r=z11e6

Cih;=7.50

I=1

READ 2054NYX

KK=]

READ 201 sPNsNRLMs XLAM]I s XLAM2 3 xi_ AM2
IF(NRLM-1)301,300,4301

PR:NT 304

FORMAT (30HTHIS DATA WITH DECAY 11 OR 111
FAUSE

GO TO 302

READ 205sNYX

IFI(NYX+1,300+30%4300

READ 80019 JA1«1A29TA391AL891A5s1A741A89B14B29B3+BLyIBS5SsDsBEJNYX
GO TG(102+1004+1024100)41A5

PRIMT 309

FORMAT (27HNOT CHISQO DATA,LOAD DECAY 1)
PAUSE

GO TO 302 .
READ B0OsTAls[A291A3¢IAGsTASs1A71AB+B1sB2+B2eBLs1BE DB NYY
IFINYX+9,311+315,5311

IFINYX+5)3134316+313

IF(KEP-]A1112,81,12

IF.KEP1-1A2) 12+82,12

IFI(KEP2-1A3) 12483512

IF(KZP3~1A4) 12484412

[FIKEP4-1AT) 12485412

IFIKEPS-185) 12¢1412

SNil)=81

Telr2B2

lel+]

GO 7O 890

KEP=-TA1l

KEPl=]A2

KEPZ2=21A3

KEP3=1A4

XKEPGL=1AT




12
13
41

40
500

50

51
52

55

57
56
58
60

61
70

69

71

317
319
320

REPS5=18BS

GO T0

MA=1 -1

IF(MA=2)500+13,13

DO 40 §=24MA

IFLTI2)~T (11141640441

PRINT 104

GO TO 102

CONT INVE

MT=MA/10+1}

DO 70 1=1,MT

N=10+]

IF(N~MA)51+51,50

N=MA

Lzl

GO 10 52

L=N-9

SSNz0Qe

SSNS=0,

MMrN-Lel

EMaMM

DO 55 Js=sL N

SSN=SSN+*SN(J)
SSNSaSSNS+SN(J)##2
CHIS(EM®SSNS/SSN=SSN)#*#T (1)
DO 60 J=ly4
IF(EM-106156957956

Pz=BtJd)

GO TO S8
Pz=(EM=104)/710,#(C(1)«B(I1))+B(1)
IF(P~CH1IS)61+60+60

CONTINVE

J=5

GO TO(T71970+69970+71) 94
CONT INVE

GO TO 71

PUNCH 200

PUNCH 6sKEPL1oKEP2sKEPIyCHIS s MM
I=1

IF(KK=913179319+¢317

PUNGH 200

PUNCH T7oKEPLIsKEPRIKEPB CHISIMM
I=l

IF(KK=9)31793190317
IFIKK~6)10293009102

PRINT 320

FORMAT(16HREAD NEW PROBLEM)
PAUSE




GO0 TO 302
218 Krn=9
GG "L o12
IV Kk :a
GO0 70 12 4
T TORMATI(2X1691X14e1XI593XE10e4918HSAMPLE REJECTED ONIS,2H 0BS)
ih FORMAT(28BMSYSTEM DAY  TIME CHI1S::
6 CORMATI2X1491X14s1X1541XEL10eiss18BHSAMPLE ACCEPTED ONIS.4H €351
14 TORMAT(2IH4TIMES ARZ NOT EQUAL?
2O FORMAT(4OH ’
Lalr 12
Y FORMATUIwe1293E943)
BCO CORVAT 14513418 ,1591242139F8.09FT702+FB8e057F70201464E9634F5424123

I




S€80 €00 NO Q3123138 3INdWVYSO0 302L€*

SIHD

S80 010 NO @31d3D0V 3I1dWVSIO 38896°

SIHD

QSIHO

006 611
INIL  AvVQ
558 611
3INIL  AvQ

4
W3LSAS
11
W31SAS

LNd4N0 XX 378VL




TeRE

r
7
<

3100

£XI1 DCCAY ! SOURCE PROGRAM

NECAY !

READ YODWNYX

CUNMCH 100.NYX

QEAD 101 i sNRILMo X s Xt AM2 4y XL AM3
PUNCH 30]1 1P sNRIMoXL o XLLAM2 o XL AM2
IFI(NRLM-11340,3004340

FEAD 100WMYYX

PUNCH 1N04WN¥YX
TFINYX+32300+3015300 i
KEAD 1024t D,_ T FMINYX {
CUMTH 102 +¢iLDs . ToIPMuNYX

TFINYX 211109302410

READ 100NYX

FUNCH 1004NTX

¢D 70 i1

READ J0%s [A141AZ23 1A AL ARG TAATAT7,B].87483BLyIBSNBEN

FFIXL130495004304

¥L-D

TEM:TAL

1GD=TAS

IG= i Ab

1F1.D: 20430320

L D-1A3

LTatAL
TA4=JAL-anN® [ TAG/100:~LT+202(LT/ 10
XUA1=21A3-LD l
~JAZ=TAL

T=AUIALI #1440 4+XUA?
LTHABLleEXPXLRT

CUNCH 1040iA s IAZ LD oL TsIASSIAGYIATIBY9ATOIB? B24Bay 7!,
READ 105¢ TAlSIAZ IA3 4 1AGIASsTAS A7 B14B24B3sRL4IBSsNBL  NY)

IFINYX+9,310,3095310
ITAINYX«6)312,311,312
THAIYEMLoTAY1:3064313,304

TE G- ALY 304,204304

EURCH 1COWNYY
PF§CD-21531e5024502

ZERANT 3054

FORMAT 2 7HLOAD THIS PROBLEM WITH Br.TH)
rPINT 330

FORMAT 7 H _CAD NEW FROBILEM) -
Cls

T0OT0 200

FUNCH 100NV

0T LD



340 PRINT 333
333 FORMAT(20HLOAD DECAY 11 OR 111

PAUSE

GO T0 320
104 FORMAT (4413918015912 03139E9e¢39FT7629F840+F7629E9e39F542412)
105 FORMAT (1441301491501 202133FB8e29F7629FBe0sFTe29143E9¢3:sF542912)
101 FORMAT{]4412¢3E9.3

-

102 FORMAT(14+15414459X912)

100 FORMAT ¢40H ’
132H v 12)
END
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TABLE xxiv DECAY 11 SOQURCE PROGRAM

C DECAY 11
DIMENSION SS5T(34+30)
502 TORMAT(3F1042)
U2 503 1=1430
503 READ 502+SSTil1el} s55T12e1)+85T(341)
DIMENSION SN(60)sT(60)sX1(60)9X2(60)+KK(60)
1 READ 200sNYX
PUNCH 200sNYX
READ 219 NP ,NIsXLAM]L g XLAM2 o XLAM3
PUNCH 219 sNP¢NTsXLAM] s XLAM2 4 XLAM3
1FiNT<2121742024217
217 PRINT 218
21B FORMAT{17HNOT DECAY 11 DATA)
PAUSE
GO 10 1
202 READ 200,NYX
PUNCH 200sNYX
IFINYX+312024602+202
602 READ 203sLDsLTsNPINYX
PUNCH 203 4LDsLToNPNYX
206 READ 2004sNYX
PUNCH 200 eNYX
IFINYX+112064207+206
207 READ T7O491Als1A23TA39s1A4sIASs1A6+IATISNBARSB2+YT B4 IBS59D+BOINYX
215 1F{LD)209»208,209
208 LD=1A3
LT=1A4
209 =1
ISMPx]AL
1G=1A6
IX2=1A2
IX5=1A5
xx2=82
YYTaYT
X4:84
1Y5=185
X6zB6
GO0 TO 20
3 READ 70491A191A291A3,1A4,IA5,1A63]ATsSNBARSB2sYTsB4sIB5sDB6INYX
IFINYX+612109164210
210 FFINYX+49)212+169212
212 JF(IAL1~]1SMP116+s213016
213 IF(IA6=IG)16920+16
20 [AL=[AG«40#(TAL/1001-LT+40#%#(LT/100)
XUAl=1A3~LD




XUA2=JAG

25 T(l)1:=XUAL1#1440,+YUA2
KK{Iy=JA7
SN{I)=SNBAR
[=1+1
GO0 10O 3

16 N=l~]

PRINT 120N
DO 57 1=1sN
X1¢(1)=EXP{-XLAMI#*T (1))

57 X2{1)<EXP(-XLAM2*T (1))

X15Q<0,

%1220,

X25Q40,

DO 30 1=1sN
X150=X15Q+X1¢[1%Xx1¢1)
X28Q=X250+X2( 1 y#x2. 1

30 X12=X12+X11 D) %x2¢ 11
Cl1=X25Q/1X15Q*X25Q-X12%X%X12
Cl2=={Cl1#X12}#X230
C22=X1S0Q/7({X15Q%X25Q-X12%X12)
Cl2==~(C22%#X12)/X150
21=0.
22=0e
DO 40 1=1,N
Z1=21+SN(11%X2(1])

40 22=22+SN(I)=Xx2(1)
AO01=C1l1%21+C12#22
A02=C12%214C22%22
SMSQn0,

DO 50 [=1¢N
SNBR=AQ1#X1(1)+A02%x2 (1

50 SMSQ=SMSQ+{SN(I)~SNBR)*(SN(]}1-SNBR)
N=N=2
EN=N
JF(X6~1e496140344024403

402 =2
60 70 4]0

403 [F(X6=1665100%94044405

404 =1
GO TO 410

405 =3

410 J=N
IFiN-301407-407+408

408 =30 '

607 ST=5S5T(1,y.)
XLAQ1=A01-ST*SQRT{C11#SMSO/EN)
XUAQL1=A01+ST*SORT(C11#SMSQ/FN)




XLAQ2rAQ2-ST»SQRT(C22#SMSQ/EN)

YIANZ2=A02 +STR®SORT(C22#SMSQ/EN)

NY s ¢

PUNCH $13.NY

PUNCH 501A019XLA019XUAOIL

PUNCH S01+sA02+XLA024XUAD2

NYe?

PUNCH 513,)NY

NepN+2

DO 400 1=1eN

El=2-~XLAM1%T(])

E2z-XLAMZ2*T (1)

ABOXzAQI*EXPIE1IV+AQ2REXP(ER2)

RAT10aSN! 11 /ABOX

AOL1C=RATIO®AQ]

AQ2C=RATIO*AD2

Ma [ SMP

NY=0

PUNCH 204 4My IX24LDsLToIX59IGoKKIT) o IYSoAOL1C o XX29YYToXb XL AM] 9X64NY
200 PUNCH 204 oMo X2l Dol ToIXS59I0KK(1) ol VY55A02C o XX29YYToX& 3XLAMZ 4X6 N

TFINYX+6124042504240
240 TFINYX49121542304215
230 eRINT 231

PUNCH 200sNYX
231 FORMAT{13HREAD NEW DATA)

IFLIX5+5)T70197029702
702 PRINT 705 |
705 FORMAT({14HLOAD WITH BKTH)
201 65 101
258 PUNCH 200sNYX

Go 10 207
512 FORMAT (40X432Xs12)
501 FORMAT(3E1245)
200 FORMAT {40H )

132H v12)
219 FORMAT (14412936943
203 FORMAT(J6s15514+9460X519X%Xs12)
120 FORMAT(3HN =,]14)
206 FORMAT (1491301401501 203139E9e¢39FTe29F8409sF7e2+E9 3'F502o12l
704 FORMAT (16, I3914'15’1292130F8.2QF?QZ'F800’F70291“9E9.39F5.2‘KZ)

END
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“BLE xXvi DECAY 111 SOURCE PROGRAM

DECAY 111
DIMINSION SSTI30! o X M(3)eXLAI3),XUAL3) A0 2}
DIMENSION X312015A83s3)
DIMENSION SN(201sT120)eX1(20)3X2i20)
507 TORMAT{F1042)
0C €03 =130
03 READ 50245571
! REAL 2004NVX
=l
FUNZH 200WNYYX
READ 219 NP oNT o XLMIL1 ) oXLM{2) ,4LM{ 2
PUNCH 219 sNP NI X M1} oxLMI2143iM(2)
205 READ 200sNYX
PUNTH 200sNYX
TEFINYX+135Y7434517
£17 TEINYXe132064207920A
2C2 REAQD Z024LD2LTWNPJNYX
FUMIH 2034V LT NDGNY X
L0 TO 206
QY5 17 4.D120945208,4209
208 LD=21A)3
LT21A4
20¢ ISMex Al
inl
1G=14%
IXNZ2:1A2
iX3=1AS
KKLTA?
/n2.82
TYT YT
XL«fo
1v5-718%5
XLagé
U o I 34
3} RVAY 906, AL TA2e A AL WIAS W IA2 ) TATSNBARWBZ (T aBa;  BE oivartiwlqry
IFti=1356032154560
IFINYX+532105165210
I MNYY+9)1212s16,212
PIFLsAL-ISMP 16213016
IFLIAEnIGYI164520416
et JAGLTAA~LOX*(JAG/200)-LT+GO* (LT I1Q0)
AVAIY L -TA3-LD
XUAI23 4 (A
Fil)=xAi 1 V21880 XUA V2
SNt §i1-SNBAR

kS

Ng b
T T
w OO O

)




i=zlel
G0 T0 3

16 N=1-1
PRINT 120N

702 DO 57 1=21N
XICL)=EXP{-XLM(1l,+7(!))
X2(11zEXPL-XLMIZ2,#T:11))

57 X3{[1=EXPL-X{M(3)%T(1)}
DO 600 1:14+3
00 600 J=1,3

600 A(]l4J} =00
DO 30 f=1¢N
Ailel)eA(lslo+Xlel X1t
Ai2+¢2)rA(292)+X2¢ 1 ;#X21 11
A(3+3)mA1343)+X301)2X3¢(1)
Alls2)2Ai192;+X1(1)2X2(1)
Atle3)2Ar]193 ) +X1i]1#X3¢0 1)

30 At2s31=A(23;4+X2(1Vv#X3(1
At2413-AC1e2)
At3e1)-A1193)
A13421=2A1243}
OO 170 =143
DUMP<A¢T I
Ai{leli=xle
IF(DUMP1130+110+130

110 PUNCH 131

131 FORMAT(20HOCANT INVERT MATRIX)
STOP

130 DO 140 JU=1,43

140 A(leJiuA{lsJ)/DUMP
DO 170 X=1e3
IF(K41)15051700150

150 DUMP=A(K 1)
AlKs1)=0,
DO 160 J=1,3

160 AIKsJ)mA(KsJ)~-DUMPRA (T,

170 CONTINUVE
Z1w0,
2220,
2320,
DO 40 I=1sN
21=Z1+SN(I%X1tI
22222+SN(1)Yy#2X2( 1)

40 Z23=273+SN(L)*#XB(])
ADTT1 1A ]e1)%21+A124))%22+A13,112273
AD ' 21=A11621221+A1292)%22+A134321223
AQI3rY=AC143)%21+A12431x22+A1 34332212
$MS5Q=20,
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FORMAT ¢ 13HREAD NEW DATAI
CIFLIX525)901902,4902
o NQ NT OS5

mRM«ruarﬂOAD \d";H BKTP:
50 TO i
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513 FORMAT(40X»32Xs12)

‘501 FORMAT(3E1245)

200 FORMAT (40H

. 132M |

219 FORMAT(14»1293E903)

202 FORMAT (14, xs.xa.aox.19x.x2:
120 FORMAT(3HN 2+14)

12y

204 FORMAT‘l4013314015’129313959 30F7 29F8.00F702959Q3QF502912\

904 FORMAT(14,1351451551242134F8."
~END |

0FT7620FB8e0eF7e29144E9e239F542412)
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1 IT % 0€8 022 11 1
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TABLE XXVII1 VAR 1 SOURCE PROGRAM

C VAR ! '
DIMENSION T(3,31)+X(200)
DO 1 121,31
1 READ 1039T(1s1)eT(201)sT(3,1)
103 FORMAT(3E10.5)
10 READ 100sNYX
IFINYX+1)10+11,10
11 READ 101y TALlsTA2+1A341A451A591A691AT791IB59B19B2sB3yB4sXLL4B6ENY)
12 N=1
ISMP=1A1
JGD=1A%
IG=1A6
X({N)=B1
IPROB=1B5
ISY=1A2
XEP=B6&
17 READ 101y TA131A2+TA351A43IAS31A691ATs1B5+sB19B29B39Ba«XLLsB6NY)
IF(NYX+6)113350,13
13 JF(NYX+9)14450,14
14 1IF{TA6-1G)50+915+50
15 IF(1A1-1SMP)50+16450
16 N=N=+1
X(N)=8B1
GO TC 17
50 M=N-1
XBAR=0.
$X5G=0,
DO 18 I=14N
XBAR=XBAR+X (1)
18 SXS5Q=SXSQ+(X(I1)1#X(1))
XN=N
SSX=XBAR*XBAR/XN .
XBAR=XBAR/XN
IF{N-1)20+70,20
20 SIGWG=(SXSQ-SSX)/(XN~1.)
SIGWG=SQRT(SIGHWG)
SXBR=SIGWG/SQRT(XN)
IF(M=-31172+72»21

21 M=31
72 1F(XEP-1e65163+62463
62 1I=1

GO TO 22
63 IF(XEP«1696)659644965
64 =2

GO TO 22




6% 133
22 XL=XBAR-SXBR#T{]sM)
UsXBAR+SXBR=2T (M)
PCERR=(SXBR*T(I M) /XBARI*100,
N1=10O®#N-N
N22100%N/74=N
N3=1Q0#N/9~«N
N4=21Q0#N/16~N
N5a1008N/25-N
N6z100=»N/36~N
N7=100eN/69=N
N821002#N/64~-N
N9=100#N/81-=N
N10=0
PUNCH 110
PUNCH 105,1PROBISYsISMP41GHN
PUNCH 111
PUNCH 106+ XBAR+SIGWG+SXBRPCERR
PUNCH 112
PUNCH 107sXLyU
PUNCH 113
PUNCH 108 eN1sN2sN3 gN4 JNSsNEsN7 9NB9NISN1O
IFINYX+6)61911461
61 IFINYX+9)507+80:+507
61 IF(NYX+9112+80912
70 PUNCH 110
PUNCH 10591PROBsISYs ISMP,1GyN
80 PRINT 200
PAUSE
GO0 T0 10
507 1F(JUGD-8)5094¢5084509
508 PRINT 510
510 FORMAT(15HLOAD WiTH CALLB)
GO TO i2
509 1F(JGD=9)12+512912
512 PRINT 513
513 FORMAT (14HLOAD WITH fLUX)
GO0 TO 12
200 FORMAT (16HREAD NLW PROBLEM) -
110 FORMAT(3X0THPROBLCMQAX9*H$YSTEM;4X6HSAMPLEa2Xs8HuEOMETRYt4Xo-
16HNUMBER )
107 FORMAT(2F10e61)
108 FORMAT{1016)
111 FORMAT (10HMEAN COUNT s 7X93HSIG+6Xs4HSXBR 42X 41 1HPERCENT ERR)
105 FORMAT (UXol6saXs CoslXolboltXyi6beuXs]6)
106 FORMAT({F1l0e04F100592F 1064 ‘
101 FORMAT 1401331901512 0313059630F 7e29FB8e0eFTe23E9434F5424+12)
112 FORMAT(20H LOW LIMIT UP LIMIT)
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GR. ~'h .( 3&903-;5 v
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?onuafux;wb RCENT ERPORY | ~
CUNTH 1‘3!1?’1-9;2%9\922‘3\QZ£'%Pgll 5

PUNCH 409 : P
FORMAT{ 1EHNR SM”L Nfeofo.

S5-0e R ' ‘
STOUNC M 1]1.XM1,*HZ.XMigXMRQXM“wXMHOﬂM79XM8sXM9QJ
;FINYX4ei?DO-‘OO 700 B
CONTINUE
qu? 75- , - ' e
5 FORMAT(16H. cac & w oqns £M:
erR“Q‘ co e R
G 1O L ) AR -
 rQPMAT. 4013'1“9759/X07“ 3!9‘,of9o v22XuL90701X9l,
FORMAT (404
© 1324 " 
CEORMAT 2
TORMAT (Y
FarMaTiC
- END o
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Tag:

[ &)

790

Xih PREF JAR 11 OSOURTE PROGRAM

FREL FOR YaAR |

Mix 2% LEOMEIRTES
OIMENSTION ECLII9)0EC2UG )1 »EL318),1G125135719)
L2 501 Tl

ATAD 210081701 0EC2t UV SEC3 LU
DO 302 1=1,9

READ 3)2457( )

CORMATY (710,44

K2s

on w00 721425

Gy

NGDSD

READ 201.Nvy

PUNH 01NV

READ 2850+ !PRUBJNRI_AM
FUNCH 2000 [PROBsNV_AM
READ 202 ,NCC

FUNIH 202 M6C

READ 2101 :NYX

FUNGH 201 4NTX
TFENYX=73221 9214221
FEAT 20%y 1A% NYX

1840 vy -4 200401 4000
READ 2CL 1A% 4NYY
IF(MNYX-7)601421e00"
IFINYX+63150481620
PUNCH 20641A59NYX

wQ 1D 21
TFINYX2:9)1304601,30

30 TC131932433 9Kk
FUNCH Z0401A60NYX
READ 2049 TAG6WNYX

20 TOI1 6804700461 ) «NRi AM
READ 204, i1A5eNYX

50 Y0 100

KtAD 2043 1A69NYX
SUNTH 2046 1A69NYX

G2 TOLT740e21460 1 o NRILAM
READ 20uslAGsNYY

GQ TO 2)

READ 2044+1A€WNYX

READ 20t 4 [ALaNYX
FUNCH 20483 TASE sMVX

20 10 21

KK .51



702
701

704
706
70%
601

208

503
504
602
780
760
603
209
204
201
200
202

210

DO 701 I=1,425
IF{TA6-1Gl1))7019702,701
KK=0Q

CONTINUE

IF(KK)7064921+704

DO 706 1=1,25
IFLIGUL))T7064+7054706

CONT INUVE

1G{1)=1A6

NGOS=NGQS+1

G0 10 21

PUNCH 204, 1A63NYX

PUNCH 208 NGOS

FORMAT {13)

IDFsNG(C=1

DF = DF

PUNCH 209+DFSECLLIDF ) 4EC2(IDF ) +EC3(IDF)
DO 503 U=]1425,5

[aJd+l

KeJ+2

LesJ+3

MaJab

PUNCH 504+1G(J)s1G{11s1IGIK)IIGIL)SIGIM)
FORMAT(515)

PUNCH 303+ST(1DF)
IF(KZ-NRLAM) 60257605760
KZ=Ki+1

PRINT 780

FORMAT {1 1HREREAD DATA)

@0 TO 70

PRINT 603 .
FORMAT ( 16HREAD NEW PROBLEM)
PAUSE

G0 10 1

FORMAT(4F1046)

FORMAT (18H 213919H

132H v12)

FORMAT {40H

132H o122

FORMAT (l4+¢12934H

132H s120

FORMAT (I5+35H

132H y12)

FORMAT(3F1043)
END
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PAMY E Aanil VAK |1 SUURCE PROGRAM

< VAR 11
DIMENSION IG(25)¢FV(9)91(10)+sSUM(L10)9SUMSQ(10)+L€10)022(10?
DIMENSION FT(102)+XNBARI(10)

41 READ 501sNGOS
READ 502+DF 3EC19EC24EC3
501 FORMATI(13)
502 FORMAT(4F1046)
DO 503 U=142545
11aJ+l
KeJe2
LL=y+3
Mzytao
503 READ 506+I1G{J)sIG(ITI1s1GIK)sIGILL)PIG(M)
504 FORMAT515)
READ 30Q03,ST
303 FORMAT(F10e4)
IDFeDF
DO 910 J=m1,102
READ 202+sFVI1)sFVI2)sFVI(3)sFVI4)9sFVIS; oFV(6)sFVIT)IsFV(B)sFVI(9)
910 FT(J)=FVI(IDF)
202 FORMAT(9FT7.2)
1 DO 700 KX=1eNGOS
IF(KX~1)827,817+827
827 PRINT 254
254 FORMAT(11HREREAD DATA)
817 READ Z200sNYX
READ 940, PROBsNLAM
940 FORMAT([4s12)
READ 201 sNGCIPROUBINYX
XMaNGC
IF(INGC)21192124211
212 PRINT 213
213 FORMAT({10HVAR 1 DATA)
PAUSE
e0 70 3
211 DO 215 J=1sNGC
2415 READ 201+1(J)sIPROB
216 READ 200sNYX
IF(NYX«7)2164+300,216
300 DO 230 J=1410
Lidis@ '
SUM{J)u0,
230 SUMSQ(J) =0,
S=0Q,
8§5Qu0,




233
232
224

213

241

1s

11

EVSGaDe
ETS~Q
Tale
YMUL:0g
H20,
SIGi=0,

READ 104, JA1s1A24 [A301AGs A6 1BS«B1 o XLAMyN £

ITINYX+9922542190225

IF NYX34563226+2194224

DO 232 U=} eNGC
IFVIAL=-T1¢4J))232,233,232
IFLTABL-IGIKXIN1235,224 4235
LGN INUE

SUM: J; -SUM{ 11+Bl

SUMSQ!L Ji1 =SUMSQ(J)+B1#B}
viJrzl Uy}

IDY=TA3

ITEMs« 1A

IS51Sa1A2

2) AM= X AM

G0 10 2135

00 261 rv=1+N5C
S5»S+SUMK}

535025502 SUMSQK;

ANT =LK

T.T+XNI
SIGL=SiGl+le/7XN]

SQSe {SUM(K ) #SUM(K } ;7 XN
EVSSEVS»ISUMSQIK-5Q3)
ANTAR Yy =0 o "YME s SUMGK
YMULl=YMUl+XNBAR!K

YMUJL ] o /XM, #YMU]

DO 16 Kl NGC

R2~R2+ (XNBAR(K) - TMU) * t XNBAR (K ) ~YMU)
CeS525/1

£7S55Q-C

EHMSaETSYEVS

ETD<Tw},

FHDLXM--14

EVDcETD-EHD

EHMeFHS /1 FHD

EVMLEVS/EVD

ETMcETS/FTID

EFvEHM/EVM

XMM2 (M» X M- xXM

R1=R2»xXMM

IF:R1y 11412412

PRINT 105



902

903
904

905
906

907
1000
101
340
100

271

14
15
49
109
110

108

GO TO 700

R:SQRT{RL1)

LOBS=EVD
IFILOBS~1001902+4902¢902
TCaFTLLOBS)

G0 TO 1000
JF(LOBS-400190449904,4905
TC¢=LOBS~100

TCaTCHEC]

TCaTC+FT(100)

60 TO 1000
JFILOBS~10001906+90¢ 4907
TC2L0B5-400

TC=TC*EC2

TC=TC+FT(101)

GO0 TO 1000

TC=ECH
JFIEF-TC1100+1014101
PUNCH 340

FORMAT { 8HVAR SMPS)
TC=ST

YESTaRr»Y(

2210042 {YEST/YMU)

PQaQs

PO 271 Kk=1,10

PQ«PQ+41l

22iK)spQaZ
XM12axXM/0601~XM
XM2aXM/Q o0 4XM
XM3=XM/ (e 09-aM
XM4=XM/0416~XM
XM5=XM/0 ¢ 25 XM
XM6=XM/0e36-XM
AM72XM/Ce49-XM
XM8B8=XM/0 4 64=XM
XMG=XM/0e81 XM
SIG2>(EVM/ ¢ XMRXM) ) #S51G1
SIGIxXMF{R®#R=S1GR)
IFISIG3)Y 14415415
SIGMAx=Q,

GO T2 a9
SIGMA«SQRTISIGS)

PUNCH 109

FORMAT (S5H PROBsSH DAYs5H TIMEWSH GEQes7H LAMDA)
PUNCH 110»1PROBsIDYsITEMYIGIKK)ZLAM
FORMAT{4159E943)

PUNCH 108

FORMAT (7TX 9 2HMU 94X ¢ BHS IGMA 95X s 4HYEST o 1 X9 6HSYSTEM)



SUHICH 33 Yy MUIgS GMAGVY ST LTS
287 LML CITYa3el N
S R L X
Pla S ORMATYGHLAMPLES IN GRMP,
N L RS L CA RS R R IFA R BB U R SR R AR S A R AR PR A W SR D
736 CORMATIIOi ’ ’
SUNTH 207
WT OYIRMAT Y 3UDERCENT ERPORD
SUNTH 313027201 0022121V 4221030422 =522 % 142200422076 22:8 221
220100 '
PINCH 4009
w07 FORMAT; LEHMR SMOL S NEEDED)
5-04
CUINCH 1123 4XM; 4 XM2 g XM3 g XMy o XM (XML G XM T, XMR s XM 5
iFINYX4¢: 7004320045700
700 CONTINUE
TRINT 258
288 FORMAT(I6H_CAL NEw ©ROBLEM:
FAREES
o T0 Ly
106 FORMAT, 1667307007528 o1 Y adxy 3, ,E9¢3922XeiFa3a5X,15"
20Q FORMAT: 404 .
1324 ' vi?}
200 FORMAT 2,544DX422Xe612.
105 TIRMAT(IAMR 15 IMAGINAQY.
FE3 FORMATIICT 74l
END

‘-
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TABLE

100

300
301

304

305
£02

400
23

404
80%

40n
608
609
497

Xxxiv  BAKTH SOURCE PROGRAM

THICKNESS OF BACKING MATERIAL DETERMINATION

READ 100+EAIGARD

FORMAT(F10e341
IF{1GARD-999:300+304,300

PRIMT 301

FORMAT ! 19HMAX BE7A CARD CHECK)

PAUSE '

GO 10 3

READ 110eN¥YX

IFINYX~31306,3054304

PEAD 102+¢iSMFPFVISYSeiASe1GeIPROBWBLINYX

ISMS=15MP

10

Jn 0

AA=Q

AQ2Q ,
1F{1A5-5)40444603:404
AO*B1+A0

Telsl

G0 70 500
IFLIAS-61406¢405:406
AASB1+AA

Jodel

GO 10 500

[FINYX+93608+501+608
TIFINYX+5)609950194609

PRINT 407

FORMAT { 13HNOT BKTH DATAY

FAUSE

GO 7O 3 .
READ 10291SMP3ISYSsIAS+IGsIPROB4B1INYX
IFI{ISMS=TISMP1501+6004,501

Al

AQ*AOY X

ang

AASAA/X

JFijG+101 10s11511)
ALFHA=334/1EA¥R]1,433)

%20 TO 12

IF(EA=1e45 13916414
ALPHAGQ e/ 1EARR] 454

GO 0 12

ALPHA:=20007 tEARRSE 425

4: -LO0GiAQIVALPHA-LOGLAAY,ALPHA
PUNTH 1056 SMSexF




IFINYX491601+901+401

60] IFiINYX+5616024¢30%9602

901 PRINT 902

9N FORMAT(16HREAD NEW PROBLEM:
PAUSE

GO 70 3
"105 FORMAT (/715HSAMPLE NUMBER 3414e3Xs11HTHICKNESS =4F946}

102 FORMAT (14 o13+9X012¢]13e3X%X9139E963036X0121
110 FORMAT (4LOH
o129

132H
ENO

L

197
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